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(57) A shoe, for use with a tube 210 to be expanded to form an extension to'a wellbore casing 115, comprises 
an upper annular portion 215a, an intermediate annular portion 215b coupled thereto, and a lower 
annular portion 215c coupled to the intermediate portion, the intermediate portion 215b having a larger 
outer circumference than that of the upper and lower portions 215a, 215c. 
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MONO-DIAMETER WEUBORE CASING 
Cross Reference To Related Applications 
This application is a continuation-in-part of U.S. utility appUcation serial number 
09/454,139, attorney dodtet numt)er 25791.3.02, filed on 12/3/1999, which claimed ttie 
5 benefit of the filing date of U.S. provisional patent appKcation serial number 

60/1 1 1 ,293. attorney dodcet number 25791 .3, filed on 12/7/199B. the disclosures of 
which are incorporated herein by reference. 

This application is related to the following: (1 ) U.S. patent application serial no. 
09/454,139, attorney dodtet no. 25791.03.02, filed on 12«/1999. (2) U.S. patent 

10 application serial no. 09/510,913, attorney docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350, attorney dodcet no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attomey dodcet no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent application serial no. 09/523.460, 
attorney docket no. 25791 . 1 1 <02. filed on 3/1 0/2000. (6) U.S. patent application serial 

15 no. 09/512,895. attomey docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 ,941 , attorney docket no. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588.946, attomey docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559.122, attorney docket no. 
25791.23.02, filed on 4/26/2000. (10) PCT patent application serial no. 

20 PCTAJSOa/18635. attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. . 
provisional patent application serial no. 60/162,671 , attomey docket no. 25791 .27, filed 
on 11/1/1999. (12) U.S. provisk>nal patent application serial no 60/154,047, attomey 
dodtet no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082, attomey docket no. 25791 .34, filed on 10/12/1999. (14) U.S. 

25 provisional patent applkatlon serial no. 60/1 59,039, attomey docket no. 25791 .36, filed 
on 10/12/1999. (15) U.S. proviskMial patent application serial no. 60/159,033. attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provlstonal patent application serial 
no. 60/212,359, attomey docket no. 25791 .38. filed on 6/19/2000, (17) U.S. provisional 
patent applteation serial no. 60/165.228. attomey docket no. 25791.39. filed on 

30 11/12/1999, (18) U.S. provisional patent application serial no. 60/221.443. attomey 
docket no. 25791.45, filed on 7/28/2000. (10) U.S. provisional patent applteation serial 
no. 6(W221,645, attomey docket no. 25791.46, filed on 7/28/2000. (20) U.S. provisional 
patent application serial no. 60/233.638. attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provistenal patent application serial no. 60/237,334, attomey 

35 docket no. 25791.48, filed on 10/2/2000. and (22) U.S. provisional patent application 
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serial no. 60/262.434. attorney docket no. 25791.51, filed on 1/17/2001 , the disclosures 
of which are incorporated herein by reference. 

Background of the Invention 
This invention relates generally to welUwre casings, and in particular to weiitxire 

5 casings that are formed using expandable tubing. 

Conventionaliy, when a weiibiore is created, a number of casings are instailed jn 
the borehole to prevent collapse of the borehole wail and to prevent undesired outflow 
of drilling fliikl into the fonnatton or infkjw of fiukJ from the formation into the borehole. 
The borehole is drilled In intenals whereby a casing which Is to be installed in a lower 

1 0 borehole interval is towered through a prevkHisly installed casing of an upper borehole 
interval. As a consequence of this procediAe the casing of the lower interval Is of 
smaller diameter than the casing df the upper Interval. Thus, the casings are in a 
nested anangement with casing diameters deoeasing In downward directkm. Cement 
annul! are provMed between the outer surfaces of the casings and the borehole wall to 

15 seal the casings from the borehole wail. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the weilbore. Such 
a large borehole diameter involves Increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, Increased drilling rig time is involved due to required cement pumping, 

20 cement hardening, required equipnrtent changes due to large variations in hole 

diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is dbected to overcoming one or more of the limitalkms of 
the existing procedures for fbmning new sedtons of casing in a weilbore. 
25 Summary of the invention 

According to one aspect of the present invention, an apparatus for forming a 
weilbore casing In a t>orehoie located in a subtenrenean formation indudirig a 
pree)d8ting weilbore casing Is provklsd that Includes a support member including a firet 
fluid passage, an expansion cone coupled to the support member Including a second 
30 fiukl passage fluklidy coupled to the first fluid passage, an expandable tubular liner 
movably coupled to the expanston cone, and an expandable shoe coupled to the 
expandable tubular liner. 

According to arKither aspect of the present invention, a shoe Is provided that 
indiKles an upper annular portk>n, an intemiediate annular portton, and a tower annular 
35 portion. The intemnediate anriular portion has an outer circumference that is larger 
thai the outer drcumferenoes of the upper and tower annular portions. 
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According to another aspect of the present invention, a method of fomiing a 
wellbore casing in a subtenanean fomtation having a preexisting wellbore casing 
positioned in a t)orehoie is provided that includes instailing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by Injecting a fluidic material Into the borehole below the expansion cone. 

According to another aspect of the present invention, an apparatus for fomnlng 
a wellbore casing In a sid>tenanean formation having a preexisting wellbore casing 
positioned In a borehole is provided that includes means for installing a tubular liner, an 
1 0 expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for fbmiing 
a wellbore casing within a subtenxinean formation including a preexisting wellbore 

1 5 ca^ positioned in a borehole is provided that includes a tubular liner, and means for 
radially expanding arid coupling the tubular liner to an overlapping portion of the 
preexisting wellbore casing. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a norvoverlapping portion of the 
preexisting wellbore casing. 

20 According to anotlier aspect of the present Invention, a wellbore casing 

positioned in a borehole within a subterranean formation Is provided that includes a first 
wBllbofB casing, and a second wellbore casing coupled to and overtepping with the first 
wellbore casing. The second wellbore casing is coupled to the first wellbore casing by 
the process of: installing the second Weiibore casing, an expansion cone, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material Into the shoe, and radially wcpanding at least a portion of the second weiibore 
casing by injecting a fluidic material Into the borehole below the expansion cone. 

According to another aspect of tiie present invention, a method of forming a 
titular structure in a subtemanean fbmnation having a preexisting tubular member 

30 positioned In a borehole is provided that includes Installing a tubular liner, an expansion 
cone, and a shoe In the tjoretiole, radtaliy expanding at least a portion of the shoe by 
Injecting a fluidic material into the shoe, and radially expanding at least a portion of tiie 
tubular liner by Injecting a fluidic material into the t>orshole below the expansion cone. 
According to another aspect of the present invention, an apparatus for fonning 

35 a tubular structure In a subterranean formation having a preexisting tubular member 
positioned In a borehole \b provided that Includes means for installing a tubular liner, an 
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expansion oone. and a shoe in the t>orehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

Acoording to another aspect of the present invention, an apparatus for fonning 

5 a tubular stnicture within a subtenanean fmmation including a preexisting tubular 
membo' positioned In a borehole is provided that Includes a tubular liner and means for 
radially expanding and coupling ttie tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of the radially expanded tubular liner 
Is substantially equal to the inside diameter of a non-overtapping p«1ion of the 

10 preexisting tubular member. 

According to am^er aspect of the present invention, a tubular structure 
positioned in a borehole within a subterranean fbrmatton is provided that includes a first 
tubular member and a second tubular member coupled to and overlapping with the first 
tubular member. The second tubular member is coupled to the first tubular member by 

1 5 the i^ocess of: installing the second tubular member, an expansion cone, and a shoe 
In the borehole, radially expanding at least a portion of the shoe by hjecUng a fluidic 
material into the shoe, and radially expanding at least a portion of the second tubular 
member Injecting a fluldic material into the borehole below the expansion cone. 
Brief Description of. the Drawings 

20 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a mono<iiameter wellbore casing within the 
new section of the well t>orehole of FIG. 1 . 

25 FIG. 2a Is a cross-sectional view of a portion of tiw shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a cross-sectional view of anottier portion of tiie shoe of ttie apparatus 
ofnG.2. 

FIG. 2c is a cross-sectional view of another portion of the shoe cS the apparatus 
30 ofRG.2. 

FIG. 2d is a cross-sectiortal view of another portion of the shoe of ttie apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of tiie shoe of Uie apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary ooss-secUonal view Illustrating the Injection of a 
hardenat}le fluidlc sealing material through the apparatus and into the new section of 
the well borehole of FIG. 2. 

FIG. 3a Is a cross-sectional view of a portion of the shoe of the appiaratus of 

3. 

FIG. 3b Is a cross-sectional view of a portion of the shoe of the apparatus of 
3a. 

FIG. 4 is a fragmentary cross-sectional view Illustrating the injection of a fluidlc 
material Into the apparatus of FIG. 3 in order to fhiididy isolate the Interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion of the shoe (rf the apparatus of 

FIG. 4. 

FIG. 4b Is. a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-sectipnal view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-secUonat view illustrating the lowering of the expandable 
expansion cone Into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 Is a cross-sectional view Illustrating the expanston of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 Is a cross-sectional view illustrating the injection of fluidlc material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-secUonal view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectional view illustrating the removal of the b<Mtom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FlG. 1 1 1s a cross-sectional view illustrating the formation of a mono-diameter 
welibore casing that includes a plurality of overiapping mono^iameter weilbore 
casings. 

FIG. 12 is a fragmentary cross-sectional view IllustraUng the placement of an 
30 alternative embodiment of an apparatus for creating a mono-diamet«- welibore casing 
within the welibore of FIG. 1 . 

FIG. 12a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b Is a cross-sectional view of a portion of the shoe of the apparatue of 
35 FIG. 12. 



5 FIG. 
FIG. 
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FIG. 12c is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12. 

FIG. 1 2d Is a ODSs-sedional view of another portion of the shoe of the 
apparatusof FIG. 12. 

5 FIG. 13 is a fragmentary cross-sectional view Illustrating the injection of a 

hardenabie fluidic sealing material through the apparatus and into the new section of 
theweill)or8holeofFIG.12. 

FIG. 13a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 14 is a fragmentaiy cross-section^ view illustrating the Injection of a fluidic 

material into the apparatus of Fl<3. 1 3 in order to fluididy isolate the interior of the shoe. 

FIG. 14a is a cross-sectionai view of a portion of the shoe of the apparatus of 
FK3.14. 

FIG. 15 is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 1 6 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone Into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 Is a cross-sectional view Illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 1 8 Is a cross-sectional view lllustFating the Ir^ection of fluidic material Into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 1 9 is a cross-sectional view Illustrating the completion of the radial 
expansion of the expandable tut)ular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-sectional view lllustFating the removal of the bottom portion of 
25 theradialiyexpandedshoeoftheappaFatusof FIG. 19. 

Detailed Description of the IHustrative Embodiments 
Refening initially to FIGS. 1 . 2, 2a. 2b. 2c 2d, 2e, 3. 3a. 3b. 4. 4a, 4b, and 5- 
10, an embodiment of an apparatus and method for fbnning a montniiameter wellbore 
casing within a subterranean fonmation will now be described. As illustrated in Fig. 1 , a 
30 wellbore 100 is positioned in a subtenanean formation 105. The wellbore 100 includes 
a pre-existing cased section 1 10 having a tubular casing 1 15 and an annular outer 
layer 120 of a fluidic sealing material such as, for example, cement. The weiibore 100 
may be positioned In any orientation from vertical to horizontal, in several alternative 
embodiments, the pre-existing cased section 110 does not include the annular outer 
35 layer 120. 
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In order to extend the welUjore 100 into the subterranean fonnation 105, a drill 
string 125 is used in a well known manner to drill out material from the subtenanean 
formation 105 to form a new wellbore section 130. In a prefened embodiment, the 
Inside diameter of the new wellbore section 130 is greater than the inside diameter of 
5 the preexisting wellbore casing 115. 

As illustrated In FIGS. 2, 2a. 2b, 2c, 2d. and 2e, an apparatus 200 for forming a 
wellbore casing In a subtenranean formation is then positioned in the new section 130 
of the wellbore 1 00. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a tt»t supports a tubular member 210 that includes a lower 
10 portion 21 Oa, an Intennediate portion 21 Ob, an xjpper portion 21 Oc. and an upper end 
portion 210d. 

TTie expansion cone 205 may be any number of conventional commercially 
available expansion cones. In several alternative embodiments, the expansion cone 
205 may be contronabty expandable in the radial direction, for example, as disclosed in 

15 U.S. patent nbs. 5,348.095. and/or 6.01 2.523, the disclosures of which are 
incorporated herein by reference. 

The tubular member 21 0 may be fabricated from any number of conventional 
commercially available materials such as, for example. Oilfield Country Tubular Goods 
(OCTO), 13 chromium steel tubing/casing, or plastic tubing/casing, in a prefened 

20 embodiment, the tubular member 21 0 is fcibricated from OCTG in order to maximize 
strength after expansion. In several aHemattve embodiments, the tubular member 210 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 is preferably limited to between about 40 to 20.000 feet In 
length. 

25 The lower portion 210a of the tubular nriisnnber 210 preferably has a lager 

inside diameter than the upp«- portion 210c of the tubular member. Ina prsfen^ 
embodiment, the wail thickness of the intennediate portion 210b of the tubular member 
201 is less than the wall thickness of the upper portkm 21 Oc of the tubular member In 
order to fadlitate the initiatton of the radial expanston process. In a prefened 

30 embodiment, the upper end portton210d of the tii>ular member 210 Is sk}tted, 

perforated, or otherwise modified to catch or slowdown the expansion cone. 205 wtien 
it completes the extrusion of tubular member 210. In a preferred embodiment, wall 
thtekness of the upper end portion 21 Od of the tiibuiar member 210 is gradually tapered 
in order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expansion process, in this manner, shock loading conditions 
during the latter stages of the radial expansion process are at least mirtimlzed. 
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A Shoe 215 b coupled to the lower portion 21 Oa of the tubular member. The 
shoe 215 irictudes an upper portion 215a, art Intermediate portion 215b, and lower 
portion 21 5c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug, dart, or other similar element for oontroiiably sealing the fluid passage 220. In 

5 this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements Into the fluid passage 220. 

The upper and lower portions. 21 5a and 21 5c of the shoe 21 5 are preferably 
substantially tubular, and the intermediate portion 215b of the shoe is preferably at 
least partially folded inwardly. Furthemnre, in a prefenned embodiment, when the 

10 intennediate portion 215b of the shoe 215 Is unfolded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intennediate portion are preferably both greater than the Inside and outside diameters 
of the upper and lower portions, 215a and 215c. in this manner, the outer 
drcumference of the intennediate portion 215b of the shoe 215 is preferably greater 

15 than the outeide drcumferences of the upper and lower portions, 21 5a and 215b, of the 
shoe. 

In a preferred embodiment, the shoe 215 further includes one or mors through 
and side outlet ports In fluidie communication with the fluid passage 220. In this 
manner, the shoe 215 optimally Injecte hardenable fiuidic sealing material Into the 
20 region outeide the shoe 21 5 and tubular member 210. 

In an alternative embodiment, the flow passage 220 Is omitted. 

A support member 225 having fluid passages 225a and 225b Is coupled to the 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a Is 
preferably fluidicly coupled to ttie fluid passage 205a. In this manner, fiuidic materials 
25 may be conveyed to and from the regton 230 below tt» expansiort cone 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably fluldldy coupled to 
the fluid passage 22Sa and includes a conventional control valve, in tills mamer, 
during placement of the apparatos 200 wittiin the wellbore 100. surge pressures can be 
relieved by the fluid passage 225b. In a prefened embodiment, the support member 
30 225 further includes one or more conventional centraHzers (not Illustrated) to help 
stebilize the apparatus 200. 

During placement of ttie apparatus 200 wittiin the wellbore 100, the fluid 
passage 225a is preferably selected to transport materials such as, for example, drilling 
mud or fbmnation fluids at flow rates and pressures ranging from about 0 to 3,000 
35 gallons/minute and 0 to 9,000 psi In order to minimize drag on ttie tubular member 
being mn and to minimize surge pressures exerted on ttie welibore 130 which could 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
appaFBtus 200 within the wellbore 100, the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging frpm about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 
5 during insertion into the new secUon 130 of the wellbore 100 and to minimize surge 
pressures on the new wellbore section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materiate from entering the int^or region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

1 0 number of conventional commercially available cup seals such as, for example, TP 
cups, or Selective Injection Padter (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 is a 
SIP cup seai, available from Halliburton Energy Sendees in Dallas. TX In order to 
optimally triock foreign material and contain a body of lubricant In several altemative 

1 5 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or more sealing members 240 are preferably coupled to and supported by 
ttie exterior surftice of the upper end portion 210d of the tubular nnember 210. The 
sealing members 240 preferably provide an overtapping Joint between the lower end 
portion 115a of tiie casing 1 15 and ttie upper end portion 21 Od of the tubular member 

20 210. The sealing nmmbers 240 nray be any number of cm^otioruil oomnriercially 
evailable seals such as. for example, lead, mbber, Teflonforepoxy seals modified in 
accordance with ttie teachings of the present disdosure. In a preferred embodiment, 
the sealing members 240 are molded from Stratalock epoxy available from Halliburton 
Energy Sen/ices 'm DaUas, TX in order to optimally provide a load bearing interference 

25 fit between the upper end portion 210d of the tubular member 21 0 and the lower end 
portion 1 15a of the existing cashig 1 15. 

In a preferred embodirmnt. ttie sealing membere 240 are selected to optimally 
provide a sufficient fricdonai force to support ttie expanded tubular member 210 from 
tin existing cashg 115. In a preferred embodiment, the frictional force optimally 

30 provided by the sealing members 240 ranges from about 1 ,000 to 1 ,000.000 Ibf In 
order to optimally support the expanded tidndar member 21 0. 

In an altemative embodiment, tiie sealing members 240 are omitted from the 
upper end portion 21 Od of the tubular member 21 0. and a load bearing nrwtal-to-metai 
Interference fit is provided between upper end portion of tiie tubular member and the 

35 lower end portion 1 15a of ttie existing casing 1 15 by plastically deforming and radially 
expanding the tubular member Into contact witii the existing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided In the annular 
region above the expansion cone 205 within the Interior of the tubular niember 210. In 
this manner, the extrtjslon of the tubular member 21 0 off of the expansion cone 205 is 
factfitated. The lubricant 245 may be any number (rfponventional commercially 

5 available lubricants such as, for example, Lubriplat^chlorlne based lubricants, oil 
based lubricants or Climax 1500 Antlsiere (3100). In a preferred embodiment, the 
lubricant 245 Is Qimax 1500 AntbiezB (3100) available from aimax Lubricants and 
Equipment Co. in Houston. TX in order to optimally provide optimum lubrication to 
fadiltate the expansion process. 

10 In a prBferred embodiment, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
Introduction of foreign material into the apparatus 200 is minimized. This minimizes the 
possiWiity of foreign material dogging the various flow passages and valves of the 
apparatus 200. 

15 In a preferred embodiment, before or after positioning the apparatus 200 within 

the new section 1 30 of the wellbore 100, a couple of vvellbore volumes are circulated In 
order to ensure that no foreign materials are located within the wellbore 100 that might 
dog i4> the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material Interferes with the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a preferred emtxxliment, during placement 

of the apparatus 200 within the wellbore 100, fiuldic materials 250 within the wellbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a, 225a, and 225b. In this manner, swge pressures cheated by the 
placement of the apparatus within the wellbore 100 are reduced. 

25 As illustrated in FIGS. 3, 3a, and 3b, the fluid passage 225b is then dosed and 

a hardenable fiuldic sealing material 255 is then pumped from a surface, location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 20Sa into the Interior region 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the interior region 230 into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular mwnber 210 and ttie Interior wall of the new section 
130 of the wellbore 100. Continued pumping of the material 255 causes the material to 
fill at least a portion of the annular region 260. 

The material 255 is prefteably pumped frito the annular region 260 at pressures 

35 and flow rates ranging, for example, finom about 0 to 5000 psi and 0 to 1 ,500 

gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
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function of the casing and welli)ore sizes, wellt}orB section length, available puniping 
equipment, and fluid properties of the fluidic material be\nq pumped. The optimum flow 
rate and operating pressure are preferably detemnined using conventional empirical 
methods. 

5 The hardeittbie fluidic sealing material 255 may be any number of conventional 

commercially available hardenable fluidic sealing materials such as, for example, slag 
mix, cement, latex or epoxy. in a preferred embodiment, the hardenable fluidic sealing 
material 255 Is a blended cement prepared specifically for the particular weU section 
being drilled from Halliburton Energy Services in DaUas. TX in order to provide optinrai 

1 0 suppoti for tubular member 210 while also maintaining optimum flow characteristics so 
as to nrinimize difRcuftias during the displacement of cement In tfw annular region 260. 
The optimum blend of the blended cement is preferably detennined using oonventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

15 The annular region 260 preferably is filled with the material 255 in sufficient 

quaitities to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 1 30 of the wallbore 1 00 will be filled with the material 
255. 

in an alternative embodiment, the injection of the material 255 into the annular 
20 region 260 is omitted, or is provided after the radial expansion of the tubular member 
210. 

As illustrated in FIGS. 4, 4a. and 4b. once the annular region 260 has been 
adequately filled with the material 255. a plug 265. or other similar device, is introduced 
into the fluid passage 220. thereby fluididy isolating the interfor regton 230 fnm^e 

25 aimular region 260. In a preferred embodiment, a non-hardenable fluidic mat^l 270 
is then pumped Into the interior region 230 causing the Interior region to pressurize. In 
this manner, the interior region 230 of the expanded tubular m«T^ 210 will not 
ootMn significant amounts of the cured material 255. This also reduces and simplifies 
the cost of the entire process. Alternatively, the material 255 may be used during this 

30 phase of the process. 

As mustrated in FIG. 5. In a preferred embodiment, the continued injection of 
the fluidic material 270 preissurizes the region 230 and unfolds the intermediate portion 
215b of the shoe 215. In a prafenvd embodiment, the outside diameter of the unfolded 
intermediate portion 21 Sb of the shoe 21 5 is greater than the outside diameter of the 

35 upper and lower portions. 21 5a and 21 5b, of the shoe. In a pretenred embodiment, the 
inside and outside diameters of the unfolded intermediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portions. 215a and 215b. of the shoe.- In a preferred emtxxllment. the inside diameter 
of the unfolded Inten^nediate portion 215b (rf the shoe 215 is substantially equal to or 
greater than the inside diameter of the preexisiing casing 11 5 in order to optimally 

5 facilitate the fonnation of a mono-diameter wellbore casing. 

As illustrated in FIG. 6, in a preferred embodiment, the expansion cone 205 is 
then lowered Into the unfolded intemnediate portion 21 5b of the shoe 215. In a 
preferred embodlnnent, the expansion cone 205 is lowered into the unfolded 
intemnecfiate portion 215b of the shoe 215 until the bottom of the expansion cone is 

10 proximate the lower portion 215c of the shoe 215. In a preferred embodiment, during 
the lowering of the expansion cone 205 into the unfolded intemiediate portion 215b of 
the shoe 21 5. the material 255 within the annular region 260 and/or the bottom of the 
wellbore section 130 maintains the shoe 215 in a substantially stationary position. 
As Olustrated in FIG. 7. in a preferred embodiment, the outside diameter of the 

15 expansion cone 205 is then Increased, in a preferred embodiment, the outside 
diameter of the expansion cone 205 te increased as disdosed in U.S. patent nos. 
5.348,095, and/or 6.012.523. the disclosures of which are incorporate herein by 
reference. In a preferred embodiment the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexisting 

20 wellbore casbig 115. 

in an alternative embodiment, Vns expansion cone 205 Is not lowered into the 
radially expanded portion of ttie shoe 215 prior to being radially expanded. In this 
manner, the upper portion 210c: of the shoe 210 may be radially expanded by the radial 
expansion of the expansion cone 205. 

25 In anpttier altemative embodiment, the expansion cone 205 is not radially 

expanded. 

As illustrated in FIG. 8, in a preferred embodiment, a fluidic material 275 is then 
injected Into ttie region 230 through the fluid passages 225a and 205a. In a preferred 
embodiment, once the Interior region 230 becomes sufndentiy pressurized, the upper 

30 portion 2158 of the shoe 215 and tiie tubular member 210 are preferably plastically 
defbnned, radially expanded, and extruded off of the expansion cone 205. 
Furtiiermore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 210d of ttie tubular member and ttie lower portion of ttie 
preexisting casing 1 1 5 that overlap with one anottier are simultaneously plastically 

35 deformed and radially expanded. In ttiis manner, a mono-diameter wellbore casing 
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may be formed that indudes tfie preexisting welil)ore casing 1 15 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 

5 extnjsion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 Is expanded in order Id keep the tubular member 210 
statlonaryrelatlveto thenewwellbore section 130. In this manner, an overlapping joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexfettng casing 1 1 5 may be optimally formed. In an alternative preferred 

10 embodiment, the expansion cone 205 is maintained In a stationary position during the 
exbuslon process thereby allowing the tubular member 210 to exbrude off of the 
expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the Intertor region 230. 

In a prefened embodiment wtien the upper end portion 21 Od of the tubular 

1 5 member 210 and the lower portion of the preexisting casing 1 15 that overiap with one 
another are plastically deformed and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaced out of the weUbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force appHed to the 
tubular support member 225. 

20 The overlapping joint between the lower portion ofthe preexisting casing 115 

and the radially expanded tubular member 21 0 preferably provides a gaseous and 
fluidic seal. In a particularty preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal In the overtapping joint. In an alternative 
OTibodiment. the selling members 245 are omitted. 

25 in a preferred embodiment, the operating pressure and flow rate of the fluMIc 

material 275 Is controllably ramped down when the expansion cone 205 reaches the 
\jpper end portion 210d of the tubular member 210. in this manner, the sudden release 
of pressure caused by the complete extmslon of the tubular member 210 off of the 
expansion cone 205 can be mlnlmb»d. in a prefenred embodiment, the operating 

30 pressure Is reduced In e substantially linear feshion from 100% to about 10% during 
the end of the extrusion process beginning when the expanston cone 205 Is wKNn 
about 5 feet from completion of the extrusion process. 

AJtemaUvely. or In combination, the wall thickness of the upper end portion 
21 Od of the tubular member is tapered in order to gradually reduce the required 

35 operating pressure for plasticaily deforming and radially expanding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provkjed In the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 

5 The shock absorber may oonfiprtse.fd' example, any convenfonal commercially 
avaflable shock absorber, bumper sub. or jars adapted for use In wellbore operattons. 

Altwnativeiy. or in combination, an expansion cone catching structure is 
provkled in the upper erid portkm 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 205. 

10 in a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and frictton effects upon the tubular member 210 during the expansion process. 
These effects wfll be depend upon the geometry of the expansion cone 205, the 
cnatQilal composition of the tubular member 210 and expanston cone 205, the inner 
diameter of the tubular member 21 0. the wall thickness of the tubular member 21 0, the 

15 type of lubrlcvit, and the yiekJ strength of the tubular member 210. In general, the 
thk^er the waii thickness, the smalksr the inner diameter, and the greater the yieki 
strength of the tubular member 210, then the greater the operating pressures required 
to extnide this tubular member 210 off of the expansion cone 205. 

For typical tubular members 210. the extruskm of the tubular member 210 off of 

20 the expansion cone 205 will begin when the pressure of the interfcx- regton 230 
reaches, for example, approximately 500 to 9,000 psi. 

During the extmsion process, the expansion cone 205 may be raised out of the 
expanded portk>n of the tubular member 210 at rates ranging, for example, from about 
0 to 5 WsBC In a prefeiTBd ennbodiment, during the extrusion process, the expansion 

25 cone 205 is raised out of the expanded portton of the tubular member 21 0 at rates 
ranging fifom about 0 to 2 fl/sec In order to minimtee the time required for the expansion 
process while also permitting easy control of the expanskxi process. 

As illustrated in FIG. 0. once the extrusion process Is completed, the expansion 
com 205 is removed from the wellbore 100, In a preferred embodiment either before 

30 or after the removal of the expansion cone 205, the integrity of the fluMk: seal of the 
overlapping Joint between the upper end portton 21 Od of the tubular member 21 0 and 
the lower end portton 115a of the preexisting wellbore casing 115 is tested using 
conventional metlKxls. 

In a preferred embodiment, if the fluldlc seal of the overlapping Joint between 

35 the upperendportkxi21Qd of the tubular member 210 and the lower end portkm 115a 
of the casing 1 15 is satisfactory, then any uncured portkin of the material 255 within the 
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expanded ^bular member 210 Is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 21 0. The expansion cone 205 is then pulled out of the weHbore section 1 30 
and a drill bit or mill is used in oombinafion with a conventional drilling assembly to drill 
5 out any hardened material 255 within the tubular member 210. in a preferred 
embodiment, the material 255 within the annular region 260 Is then allowed to fully 
cure. 

As illustrated In FIG. 10, the bottom portion 215c of the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using conv«itional drilling 

10 methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional drilling assembly. In a prefened embodiment, the inside diameter of the 
extended portion of the weHbore 100 is greater than the Inside diameter of the radially 
expanded shoe 215. 

As illustrated in FIG. 1 1, the rriethod of FIGS. 1-10 may be repeatedy 

1 5 perfomied in order to provide a mono-dianneter wellbore casing that includes 

overlapping wellbore casings 115 and 210a-210e. The wellbore casing 115. and 210a- 
21 Oe preferably include outer annular layers of fluidic sealing material. Alternatively, 
the outer annular layers of fluidic sealing material may be omitted. In this manner, a 
mono^iameter wellbore casing may be fbmned within the subtenanean formation that 

20 extends for tens of thousands of feet More generally still, the teachings of FIGS. 1-1 1 
nrtay be used to fbrm a monoKJIameter wellbore casing, a pipeline, a stnictural support, 
or a tunnel within a subten^anean fbnnatlon at any orientation from the vertical to the 
horizontal. 

In a preferred embodiment, ttw formation of a mono-diameter wellbore casing, 
25 as illustrated In ROS. 1-1 1. is further provided as disclosed In one or more of the 
following: (1 ) U.S. patent application serial no. 09/454.1 39. attorney dodcet no. 
25791.03.02. filed on 12/3/1099, (2) U.S. patent applicatbn serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350, attorney docket ik>. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
30 applteatton serial no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460. attorney docket no. 25791.11.02. filed 
on 3/10/2000. (6) U.S. patent applteatton serial no. 09/512.895. attorney docket no. 
25791.12.02. filed on 2/24/2000, (7) U.S. patent appHcation serial no. 09/511.941. 
attorney docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. patent appBcatton serial 
35 no. 09/588.946, attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
appllcatton serial no. 09/559.122. attomey docket no. 25791.23.02. filed on 4/26/2000. 
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(10) PCT patent application serial no. PCT/USOO/18635, attorney docket no. 
25791 .25.02. filed on 7/9/2000. (11) U.S. provlslonal patent application serial no. 
60/162,671. attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provlsionai 
patent appik^tton se^rial no. 60/154,047, attorney docket no. 25791.29, filed on 
5 9/1 6/1 999. (1 3) U.S. provisional patent applicatton serial no. 60/1 59,082, attorney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provlslonal patent applicatkm serial 
no. 60/159.039, attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37. filed 
on 10/12/1 999, (16) U.S. provisional patent applicatton serial no. 60/212,359. attorney 

1 0 docket no. 25791 .38. filed on 6/1 9^000. (1 7) U.S. provistonal patent appHcatton serial 
no. 60/165.228, attorney docket no. 25791.39, filed on 11/12/1999. (18) U.S. 
provisional patent appllcatioh serial no. 60/221.443. attorney docket no. 25791.45. filed 
on 7/28/2000, (19) U.S. provisional patent applteation serial no. 60/221,645. attorney 
docket no. 25791 .46, filed on 7/28/2000. (20) U.S. provisional patent applicatton serial 

15 no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provistonal 
patent applteation serial no. 60/237,334, attorney docket no. 25791.48, filed on 
10/2/2000. and (22) U.S. provisnnal patent application serial no. 60/262,434. attorney 
docket no. 25791 .51 . filed on 1/1 7/2001 , the disdosures of whteh are incorporated 
herein by reference. 

20 Referring to FIGS. 12, 12a, 12b. 12c. and i2d. in an alternative embodiment, an 

apparatus 300 for fomilng a momnliameter wellbore casing Is positioned wittiin the 
wellbore casing 1 1 5 that Is substantially Menticai In design and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 21 5. 

In a prafenred embodiment, ttie shoe 305 includes an upper portion 305a, an 

25 intermediate portkm 305b, and a tower portion 305c having a valveable fluid passage 
310 that is preferably adapted to reoeivB a plug, dart or other similar element for 
controliably sealing the fluid passage 310. In this manner, the fiuM passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing elements into the 
fluid passage 310. 

30 The upper and lower porttons, 305a and 305c of the shoe 305 are preferably 

substantially tubular, and the intemnediate portion 305b of the shoe includes 
corrugations 305ba-305bh. Furttienroxe, in a prefened embodiment, when U>e 
intennediate portton 305b of the shoe 305 is radially expanded by the application of 
fluid pressure to the interior 315 of the shoe 305, ttie Inside and outsWe diameters of 

35 the radially expanded intennediate portion are preferably botti greater ttian the inside 
and outskle diameters of the upper and lower portions, 305a and 305c. In tills manner. 
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the outer droimference of the intennediate portion 305b of the shod 305 is preferably 
greater than the outer droumferenoes of the upper and lower portions. 305a and 305c 
of the shoe. 

In a preferred embodiment, the shoe 305 further indiides one or more through 

5 and side outlet ports In fluldic communication with the fluid passage 310. In this 
manner, the shoe 305 opttmaily Injects hardenabie fluldic sealing material Into the 
region outside the shoe 305 and tubular mnnber 21 0. 

In an altemative embodiment, the flow passage 31 0 is omitted. 

In a prefened embodiment, as illustrated in FIGS. 12 and 12d. during 

10 placement of the apparatus 300 within the wettbore 100, fluldic materials 250 within the 
wellbore that are displaced by the apparatus are conveyed through the fluid passages 
310. 205a. 225a. and 22Sb. In this manner, surge pressures created by the placement 
of the apparatus wHhln the wellbore 100 are reduced. 

In a preferred embodiment, as illustrated in FIG. 13 and 13a. the fluid passage 

15 225b is then closed and a hardenabie fluldic sealing material 255 Is then pumped from 
a surface location Into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205a into the interior region 315 of the shoe 305 below 
the expansion cone 205. The mstertal 255 then passes from the interior region 31 5 
Into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 

20 annular region 260 between the exterior of the tubular member 21 0 and the interior wall 
ofthenewsedlon 130 of the wellbore 100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 Is preferably pumped into the annular region 260 at pressures 
end flow rates rangirig, for example, from about 0 to 5000 psi and 0 to 1 ,500 

25 gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and wellbore sizes, wellbore section length, available pumping 
equipment, and fluid properties of the fluldic material being pumped. The optimum flow 
rate and operating pressure are preferably detemilned using conventional empirical 
methods. 

30 . The hardenabie fluldic sealing material 255 may be any number of conventional 
commerdaliy available hardenatde fluldic sealing materials such as. for example, stag 
mix, cement, latex or epoxy. In a preferred embodiment the hardenabie fluldic seaUng 
material 255 Is a blended cement prepared spedficaliy for the particular well section 
being drilled from Halliburton Energy SeMces In Dallas. JX in order to provide optimal 

35 support for tubular member 210 while also maintaining optimum flow characteristics so 
as to minimize difficulties during ttw displaoement of cement In the annular region 260. 
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The optimum Wend of the blendol cement is preferably detemilned using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 Is compressible before, during, or after curing. 

The annular region 260 preferably is fllied with the material 255 in sufficient 
5 quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 wHI be filled with the material 
255. 

In an alternative embodiment, the injection of the material 255 into the annular 
region 260 is omitted. 

10 As illustrated in FIGS. 14 and 14a. once the annular region 260 has been 

adequately fllied virtth the material 255, a plug 265. or other similar device, is introduced 
into the fluid passage 310, thereby fiuidtdy isolating the interior region 315 from the 
annular region 260. In a prefened embodiment, a non-hardenable fluidic material 270 
is then pumped into the interior region 315 causing the interior region to pressurize. In 

15 this manner, the interior region 315 will not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
Atematively. the material 255 may be used during this phase of the process. 

As Illustrated In FIG. 15, in a preferred embodiment, the oorrtlnued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the oomjgations 305ba- 

20 305bh of the intemnediate portion 305b of the shoe 305. In a prefened embodiment, 
the outside diameter of the unfolded intennediate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions, 305a and 305b. of 
the shoe. In a preferred embodiment, the inside and outside diameters of the urtfoWed 
intermediate portion 305b of the shoe 305 are greater than the inside and outside 

25 diametere. respectively, of the upper and lower portions, 305a ani 305b. of the shoe. 
In a prefenwl enribodiment. the inside diameter of the unfolded inteanedteto portion 
305b of the shoe 305 Is substantiaity equal to or greater than the inside diameter of the 
preexisting casing 305 in order to optimize the formation of a mono-diameter wellbore 
casing. 

30 As illustrated In FIG. 16. in a prefened embodiment, the expansion cone 205 Is 

then lowered into the unfolded Intermediate portion 305b of the shoe 305. In a 
prefened embodiment, the expansion cone 205 is lowered into the unfolded 
Intenmediate portion 305b of the shoe 305 untU the bottom of the expansion cone is 
proximate the toner portion 305c of the shoe 305. In a preferred embodiment, during 

35 the lowering of the expansion cone 205 into the unfolded intermediate portion 305b of 



Cup i tid rtu rri 10468719 u ri Q5/26/2Q 0 6 



19 



the shoe 305, the material 255 within the annular region 260 maintains the shoe 305 in 
a substantially stationaiy position. 

As illustreted in FIG. 17, in a preferred embodiment, the outside diameter of the 
expansion cone 205 is then increased. In a preferred emtxxllment, the outside 
5 diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095. and/or 6,012,523. the disclosures of which are incorporate henin lay 
reference. In a preferred emtxxJinrwnt, the outside diameter of the radially expanded 
expansion cone 205 is sutMtantially equal to thei inside diameter of the preexisting 
weilbore casing 115. 

10 In an alternative emt)odiment, the expansion cone 205 is not lowered into ttie 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 30Sc of the shoe 305 may be radially expanded by the radial 
expansion of the expanston cone 205. 

In another altematlye embodiment, the expansion cone 205 is not radially 

15 expanded. 

As illustrated In FIG. 18. in a preferred embodiment, a fluldic material 275 is 
then ir^ded Into the region 315 through the fluid passages 225a and 205a. In a 
preferred emboAnent, once the interior region 315 becomes sufRdently pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically deformed, radially expanded, and extruded off of the expansion cone 205. 
Fivthermora. In a prefsned embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular ntember and the lower portion of the 
preexisting casing 1 15 that overiap with one another are simultaneously plastically 
dinned and radially expanded. In this manner, a mono-diameter weilbore casing 

25 may be formed that includes the preexisting weilbore casing 1 1 5 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may t>e raised out of the 
expanded portion of the tubular member 210. In a preferred emt>odiment. during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular member 210 is expanded in order to keep the tubular member 210 

stationary relative to the new weilbore section 130. in this manner, an overiapping joint 
between the radie^ expanded tubular member 210 arKl the lower portion of the 
preexisting casing 115 may be optimally fomied. In an alternative preferred 
embocfiment, the expansion cone 205 is maintained In a stationary position during the 

35 extrusion process thereby allowing the tubular member 21 0 to extrude off of the 
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expansion cone 205 and into the new wellbore sectim 130 under the force of gravity 
and the operating pressure of the Interior region 230. 

In a praferred endSodinient, when the upper end portion 21 Od of the tubular 
memtwr 210 ard the lower portion of the preexisting casing 1 15 that overlap with one 
5 another are plastically deformed and radially expanded by the expansion oone 205. the 
expansion oone 205 Is displaced out of the wellbore 1 00 by both the operating 
pres6ure within the region 230 and a upwardly directed axial force applied to the 
tubular support nfiemt)er 225. 

The overlapping joint between the lower portion of the preexisting casing 1 1 5 
10 and the radially expanded tubular member 210 prsferably provides a gaseous and 
fiuldic seal, in a partlculariy preferred embodiment, the sealing nnanbers 245 optinially 
provide a fluidic and gaseous seal in the overlapfdng joint In an altematlva 
embodiment, the seaDng niembers 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
1 5 material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 21 Od of the tubular member 210. in this manner, the sudden release 
of pressure caused by the complete extmsion of the tubular nraniber 210 off of the 
expansion cone 205 can be minimized. In a prefwred embodiment, the operating 
pressure is reduced In a substantially linear feshion from 100% to about 10% during 
20 the end (rf the extmsion process beginning when the expansion oone 205 Is within 
about 5 feet finom completion of the extrusion process. 

Alternatively, or In combination, the wall thiduiess of the upper end portion. 
21 Od of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically deforming and radially expanding the upper end 
25 portion of the tubular men^r. In this manner, shock loading of the apparatus may be 
at least partially minirrazed. 

Alternatively, or in combination, a shodc absortwr Is provided in the support 
member 225 in order to d)sorb the shodc caused by the sudden release of pressure. 
The shodc absorber may comprise, for example, any conventional commercially 
30 available shodc absorber adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure Is 
provided in the upper end portion 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 205. 

In a preferred embodiment, the apparatus 200 is adapted to minimize tensile. 
35 burst, and friction effects upon the tubular member 21 0 during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205. the 
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material composition of the tubular member 210 and expansion oone 205, the inner 
diameter of the tubular member 210, the wall thickness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yieki 
5 strengtii of the tubular member 210. then the greater the operating pressures required 
to extrude the tubular member 21 0 off of the expansion cone 205. 

For typical tubular members 21 0, the extniston of the tubular member 21 0 off of 
the expansion oone 205 will begin when the pressure of the interior regton 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 During the extnjslon process, the expansion cone 205 may be raised out of the 

expanded portkm of the tubular member 210 at rates ranging, for example, from about 
0 to 5 In a preferred embodiment, during the extnJ8k>n process, the expansion 
cone 205 is raised out of the expanded portidn of the tubular member 21 0 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the tinra required for the expansion 

15 process while also permitting easy oontrol of the expansion process. 

As Illustrated In FIG. 19, once the extruston process is completed, the 
exptmslon cone 205 is removed from the wellbore 100. In a preferred embodiment, 
either before or after the renioval of the expanston cone 205, the integrity of the fiuldic 
seal of the overlapping Joint between the upper end portion 210d of the tubular member 

20 210 and the kwver end portton 1 1 5a of the preexisting weUbore cdsing 1 15 is tested 
using conventional methods. 

In a preferred embodiment. If the fluldic seal of the overlapping Joint between 
the upper end portion 210d of the tubular member 21 0 and the lower end portion 1 15a 
of the casing 1 15 is satisfectory, then any uncured portkin of the material 255 within the 

25 expanded tubular member 210 is then renrK>ved in a conventtonal manner such as. for 
exarhple, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expanston cone 205 Is then pulled out of the wellbore section 130 
and a drill bit or mill Is used In combination with a conventional drilling assembly to drill 
out any hanlened material 255 within the tubular member 210. In a prefened 

30 embodiment, the niaterial 255 vvlthin the annular regton 260 Is then allowed to fully 
cure. 

As illustrated In FIG. 20. the bottom portton 305c of the shoe 305 may then be 
removed by drilling out the bottom portton of Vne shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
35 conventk>nat drilling assembly. In a preferred embodlnnent. the inside diameter of the 
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extended portion of the wellbore is greater than the inside dianneter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly perfbmned in order to provide a 
nnonoKllameterweni)orB casing that indudes overiappirig wellbore casings. The 

5 overlapping welltxm casing preferably include outer annular layers of fluldic sealing 
material. Alternatively, the outer annular layers of fluidic sealing nnaterial nnay be 
omitted. In this nnanner, a mono-diameter wellt)ore casing may t>e formed vvithin the 
subterranean formation that extends for tens of thousands of feet More generally still, 
the teachings of FIGS. 12-20 may be used to form a mono-diameter wellbore casing, a 

1 0 pipeline, a structural support, or a tunnel within a subterranean formation at any 
orientation from the vertical to the horizontal. 

In a preferred embodiment, the formation of a mono-dianieter wellbore casing, 
as illietrated in FIGS. 12-20, is further provided as disclosed in one or more of the 
fbllowfaig: (1 ) U.S. patent application serial no. 08/454, 1 39, attorney dodcet no. 

15 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent appiication serial 
no. 08/502.350. attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
appiicatton serial no. 09/440,338. attorney docket no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent application serial no. 09/523,460. attorney docket no. 25791 .1 1 .02. filed 

20 on 3/10/2000. (6) U.S. patent appiteation serial no. 09/512.895, attorney docket no, 
25791 .12.02. filed on 2/24/2000, (7) U.S. patent appllcatfon serial no. 09/51 1 .941 , 
attomey docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. patent applteatfon serial 
no. 08/588,946. attomey docket na 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
applicatkjn serial no. 08/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 

25 (10) PCT patent applicatkxi serial no. FK7T/US00/1 B635. attorney docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162.671, attomey docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attomey docket no. 25791.29. filed on 
9/16/1989, (13) U.S. pruvisk>nal patent application serial no. 60/159.082, attorney 

30 docket no. 25791 .34. filed on 10/12/1999, (14) U.S. provisronal patent application serial 
no. 60/1 59.039. attomey docket no. 25791 .36. filed on 1 0/1 2/1 999, (1 5) U.S. 
pnsvisional patent application serial no. 60/159.033, attomey docket no. 25791 .37. filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212.359, attomey 
docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisfonal patent application serial 

35 no. 60/165.228. attomey docket no. 25791.39, filed on 11/12/1999, (18) U.S. 

provistonal patent application serial no. 60/221,443, attomey docket no. 25791.45, filed 
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on 7/28/2000. (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791 .46, filed on 7/28/2000. (20) U.S. provisional patent application serial 
no. 60/233,636, attorney docket ho. 25791.47. filed on 9/18/2000, (21) U.S. provistonal 
patent application serial no. 60/237.334, attorney docket no. 25791.48. filed on 
5 10/2/2000. and (22) U.S. provisional patent applicatibn serial no. 60/262,434. attorney 
docket no. 25791 .51 , filed on 1/1 7/2001 . tiie disctosures of which are incorporated 
herein by reference. 

In several alternative enttxxlinnents. the apparatus 200 and 300 are used to 
fomi and/or repair wellt>ore casings, pipelines, and/or structural supports. 

10 In several alternative emt>odiments, the folded geonietries of the shoes 21 5 and 

305 are provided In accordance vvith the teachings of U.S. Patent Nos. 5,425,559 
and/or 5,794,702, the disclosures of which are incorporated herein by reference. 

An apparatus for forming a welltmre casing in a t)orehole located in a 
subterranean formation Induding a preexisting wellbore casing haabeen described that 

1 5 includes a support nrtember induding a first fluid passage, an expansion cone coupled 
to the support member induding a second fluid passage fluUidy coupled to the first 
fluid passage, an expandable tubular Tmer nmvably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a preferred 
embodiment, the expansion oone is expandable. In a preferred embodiment, the 

20 expandable shoe indudes a valveable fluid passage for controiiing the flow of fluidic 
nrurterials out of the expandable shoe. In a preferred embodiment, the expandable 
shoe indudes: an expandable portion and a remaining portkin. wherein ttie outer 
drcumfersnce of the expandable portion is greater than the outer drcumference of the 
remainfrig portkxi. in a prefened embodiment the expandable portion indudes: one or 

25 more inward fdds. In a preferred emtxxJiment, the expandable portion includes: one or 
more corrugations. In a preferred errdxxJinnent, the expandable shoe indudes: one or 
more inward fdds. In a preferred embodiment, the expandable shoe indudes: one or 
more corrugations. 

A shoe has also been described that indudes an upper annutar portion, an 
30 intermediate annular portion, and a lower annular portion, wherein the intermediate 
annular portion has an outer drcumference that is larger ttian the outer drcumfsrenoes 
of the upper and lower annular porti«is. In a preferred emtxxliment, the lower annular 
portion Indudes 'a valveable fluM passage for controUing ttie flow of fluidic materials out 
of ttie shoe. In a preferred embodiment, tiie intermediate portion indudes one or more 
35 inward fbkls. In a prefened embodiment, the Intenmediate portion indudes one or more 
corrugations. 
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A method of forming a wellbcre casing In a subtenranean formation having a 
preexisting weiltMre casing positioned in a borehole has also been described that 
includes instairmg a tubular liner, an expansion cone, and a shoe in the borehole. 
radiaHy expandfrtg at least a portion of the shoe by injeding a fluidic material into the 
5 shoe, and radially expanding at least a portion of the tubular liner by Injecting a fluldic 
material into the borehole below the expansion cone. In a preferred embodiment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 prefened embodiment, the method further includes, radialiy expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment the method further 
includes irijecting a hardenable fluidic sealing material Into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the method further indudes 

15 radially expanding at least a portion of the preexisting wellbore casing. In a preferred 
embodiment the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing. In a preferred 
embodiment, the Inside diameter of the radialiy expanded tubular liner is substantially 
equal to the Inside diameter of a nonoverlapping portion of the preexisting wellbore 

20 casing, in a preferred embodiment the method further includes applying an axial force 
to the expansion cone. In a preferred embodiment the Inside diameter of the radifilly 
expanded shoe is greater than or equal to the Inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a wellbore casing in a subterranean fomnatlon having 
25 a preexisting wellbore casing positioned in a borate has also been described that 
includes means for Installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment the 
apparatus further includes means for radially expanding the expansion cone. In a 
30 preferred embodinwnt the apparatus further Indudes means for lowering the 

expansion cone Into the radially expanded portion of the shoe, and means for radially 
expanding the expansion oone. In a prefenr«l embodiment, the apparatus further 
includes means for injecting a fluidic material into the borehole below the radially 
expanded expansion cone, in a preferred embodiment the apparatus further includes 
35 means (or injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment the apparatus further 
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includes means for radially expanding at least a portion of the prseadsting wellbore 
casing. In a prefened embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
prBexistIng weilbore casing. In a preferrwl embodiment, the inside diameter of the 
5 radially expanded tubular liner is substantially equal to the inside diameter of a 

nonoverlapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further Includes means for applying an axial force to the expansion cone. 
In a preferred nnbodiment. the inside diameter of the radially expanded shoe is greater 
than or equal to the inside dianrteter of the radially expanded tubular liner. 

10 An apparatus for fbmring a weliboTB casing within a subterranean fbmnation 

including a pree)dsting wellbore casing positioned in a borehole has also been 
described that Includes a tubular Iftier and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting wellbore casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to ttie inside 

1 5 diameter cf a non-overlapping portion of the preexisting wellbore casing. 

A wellbore casing positioned in a borehole within a subtenranean fonnation has 
also been described that includes a first weUbore casing and a second weilbore casing 
coupled to and overlapping with the first weilbore casing, wherein the second weilbore 
casing is coupled to the first weilbore casing by the process of: installing tiie second 

20 wellbore casing, an expansion cone, and a shoe In the borehole, radtal ly expanding at 
least a portion of the shoe by injecting a fiuldic material into the shoe, and radially 
expanding at least a portion of the second wellboie casing by injecting a fiuldic material 
into the borehole below the expansion cone. In a prefened embodiment, the process 
for forming the weilbore casing fwther includes radially expanding the expansion cone. 

25 In a preferred embodiment, the process for forming ttie weilbore casing furttier includes 
lowertng tiie expansion cone Into ttie radially exparKled portion of ttie shoe, artd radially 
expanding the expansion cone. In a preferrKl embocfiment. ttie process for forming the 
weUbore casing further includes radially expanding at least a portion of ttie shoe and 
ttie second wellbore casing by injecting a fluidic material Into ttie borehole below ttie 

30 radially expanded expansion cone. In a pruned embodiment, ttie process for fonning 
ttie wellbore casing furttier Indiides injecting a hardenable fluidic sealing material Into 
an annuius between ttie second wetibore casing and ttie borehole. In a preferred 
embodiment, ttie process for forming ttie wellbore casing furttier includes radially 
expanding at least a portion of ttie first weilbore casing. In a prefened embodiment, 

35 ttie process for forming ttie wellbore casing furttier includes overlapping a portion of ttie 
radially expanded second weilbore casing wtth a portion of ttie first wellbore casing. In 
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a preferred embodiment, the inside diameter of the radially expanded second wellbore 
casing is substantially equal to the Inside diameter of a nonoverlapping portion of the 
first wellbore casing. In a preferred embodiment, the process for forming the wellbore 
casing further includes applying an axial force to the expansion cone, in a preferred 

5 embodiment, the inside diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second wellbore cesir^. 

A method of fonning a tubular stmcture in a sid>terranean fononation having a 
preexisting tubular member positioned in a borehole has also t)een described that 
includes instaiting a tubular liner, an expansion cone, and a shoe in the borehole. 

10 radially expanding at least a portion of the shoe by injecting a fiuidic material into the 
shoe, and radially expanding at least a portion of ttie tubular liner by injecting a fiuidic 
material into the borehole below tiie expansion cone. In a preferred embodiment, the 
method further includes radially expanding the expansion cone, in a preferred 
embodinrwnt. the method furttter Includes lowering ttw expansion cone into ttie radially 

15 expanded portion of the shoe, and radially expanding tiie expansion cone. In a 

prefeiTBd embodiment, the method furttier includes radially expanding at least a portion 
of the shoe and tite tubular liner by injecting a fiuidic material into tiie borehole below 
ttie radially expanded expansion cone. In a preferred emtxjdiment. tiie mettvxl furttier 
includes injecting a hardenable fiuidic sealing material into an annuhis between ttie 

20 tubular liner and ttw borehole. In a prefen«d embodiment, the woVnod furtiier includes 
radially expanding at least a portion of tite preexisting tubular member, in a preferred 
embodiment, the mettiod further includes overiapping a portion of ttie radially 
expanded tubular liner witfi a portion of tiie preexisting tubular member. In a prefen^ed 
en^iment, tile inside diameter of tiie radially expanded tubular liner Is substantially 

25 equal to ttie inside diameter of a nonoveriapping portion (rf ttie preexisting tubular 
member. In a prsfened embodiment, the mettiod further indudfK applying an axial 
force to ttie expansion cone. In a preferred embodiment, ttie inside diameter of ttie 
radially expanded shoe Is greater tiian or equal to ttie inside diameter of the radially 
expanded tubular liner. 
. 30 An apparatus for fbmiing a tububr structure in a subterranean fonnation having 

a preexisting tubular member positioned in a borehole has also been described ttiat 
includes means for hnstaliing a tubular liner, an expansion cone, and a shoe in ttie 
borehole, means for radially expanding at least a portion of ttie shoe, and means for 
radially expanding at least a portion of ttie tubular liner. In a preferred embodiment, ttie 

35 apparatus furttier Includes mearis for radially expanding ttie expansion cone. In a 
preferred emt)odiment. the apparatus further includes means for lowering ttie 
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expansion cone Into the radially expanded portion of the shoe, and nieans for radially 
expanding the expansion cone, in a preferred embodiment, thia apparatus further 
Indudes means for injecting a fluldic material Into the borehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparatus further indudes 

5 means for injecting a hardenable fiuidic seating material into an annulus between the 
tubular ilner and the borehole. In a pruned embodlntent. the apparatus further 
indudes means for radially expanding at least a portion of the preexisting tubular 
member. In a preferred embodiment, the apparatus furttter Indudes means for 
overlapping a portion of the radially expanded tubular liner with a portion cf the 

10 preexisting tubular member. In a preferred embodiment, the inside diameter of the 
radially expanded tubular liner is substantially equal to the Inside diameter of a 
nonoverlapping portion of the preexisting tubular member. In a preferred embodiment, 
the apparatus further indudes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially expanded shoe is greater 

1 5 than or equal to the Inside diameter of the radially expanded tubular Ilner. 

An apparatus for fonming a tubular structure within a subterranean formation 
Induding a preexisting tdndar nwmber positioned in a borehole has also been 
described that indudes a tubular ilner and means for radially expanding and coupling 
the tubular liner to an overtopping portion of the preexisting tubular member. The 

20 inside diameter of the radially expanded tubular liner Is substantially equal to the inside 
diameter of a non-overlapping portion of the preexisting tubular member. 

A tubular stmcture positioned bi a borehole vAhln a subterranean formation has 
also been described that Includes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular member, wherein the second tubular 

25 member is coupled to the first tubidar member by ttie process of: instailirig the second 
tubular member, an expansion cone, and a shoe In the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into tiie shoe, and radially 
expanding at least a portion of the second tubular nramber by injecting a fluidic material 
Into the borehole below the expansion cone, in a prefened embodiment, the process 

30 for forming the tubular structure further indudes radially expanding the expansion cone. 
In a preferred embodirnent, the process for forrriing ttw tubular structure fiffther 
indudes lowering the expansion cone into ttie radially expanded portion of tiie shoe, 
and radially expanding the expansion cone. In a preferred embodiment, tiie process 
for fbmning ttie tubular structure further Indudes radially expanding at least a portion of 

35 ttie shoe and tiie second tubidar member by liijecting a fluidic material into ttie 

borehole below ttie radially expanded expanston cone. In a prefened embodiment, ttie 
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process for forrning the tubular structure further includes injecting a hardenable fluidic 
sealing niaterial into an annulus Ijetween the second tubular member and the borehole. 
In a preferred embodiment, the process Ibr forming the tubular stnidure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 

5 embodiment, the process for forming the tubular staicture further Includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular member. In a pfeferred embodiment, the Inside diameter of the radially 
expanded second tubular member is substantially equal to the Inside diameter of a 
nonoverlapping portion of first tubular member. In a prefened embodiment, the 

1 0 process for fonning the tubular stmcture further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the Inside diameter of the radially expanded 
second tubular member. 

Although Illustrative embodiments of the invention have been Shewn and 

1 5 described, a wide range of modification, changes and substitution is contemplated In 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a conesponding use of the other features. Accordii^ly. it is 
appropriate that the appended claims be constmed broadly and In a manner consistent 
with the scope of the invention. 
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CLAIMS 

1. A shoe, comprising: 

an upper annular portion; 

an intemfiediate annular portion co(4>led to the upper annular portion; and 
5 a lower annular portion coupled to the intermediate portion; 

wherein the Intermediate annular portion has an outer circumference that is 
larger than the outer drcumferenoes of the upper and lower annular portions. 

2. The shoe of daim 1 , wherein the lower annular portion Includes a valveable flukJ 
1 0 passage for controlling the flow of fluldic materials out of the shoe. 

3. The shoe of daim 1 , wherein the Intwmedlate portion Indudes: 
one or more Inward folds. 

15 4. The shoe of daim 1, wherein the intennediate portion indudes: 
one or more ccmigations. 

5. A shoe, comprising: 

an upper annular portion; 
20 an Intennediate annular portion coupled to the upper annular portion Induding 

one or more inward folds; and 

a lower annular portion coupled to the intennediate portion Induding a 
valveable fluid passage for contrdling the flow of fluidic materials out of the shoe; 
wherein the intennediate annular portion has an outer drcunrrference that is 
25 larger than the outer drcumferences of the upper and lower annular portions. 
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1 . An apparatus for forming a welibore casing In a borehole located In a 
subterranean fomiation including a preexisting welllsore casing, comprising: 

5 a support memt)er including a first fluid passage; 

an expansion cone coupled to the support men^r including a second fluid 

passage fiuidiciy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of daim 1 , wherein the expansion cone is expandable. 

3. The apparatus of daim 1, wherein the expandable shoe indudes a valveabie fluid 
passage for contrblihg the flow of fluMic materials out of the expandable shoe. 

15 

4. The apparatus of daim 1 , wherein the expandable shoe indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumference of the expandable portion is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of daim 4, wherein the expandable portion includes: 
one or nnore inward folds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or mora corrugations. 

7. The apparatus of daim 1 . wherein the expandable shoe indudes: 
one or more Inward folds. 

30 

8. The apparatus of daim 1 . wherein the expandable shoe includes: 
one or nrKwe conrugations. 

9. A shoe, comprising: 

35 an upper annular portiori; 

an intemnediate annular portion coupled to the upiper annular portion; and 
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a lower annular portion coupled to the intermediate portion; 

wherein the intermediate annular portion has an outer circumference that is 

larger than the outer circumferences of the upper and lower annular 

portions. 

5 

10. The shoe of daim 9. wherein the lower annular portion includes a valveabie fluid 
passage for controlling the flow of fluidic materials out of the shoe. 

11. The shoe of claim 9, wherein the intemnediate portion includes: 
10 one or more inward folds. 

12. The shoe of daim 9, wherein the intemnediate portion includes: 
one or more corrugations. 

method of forming a wellt>ore casir^ in a subterranean formation having a 
ting weinx>re casing positioned in a ix)rehole. comprising: 
installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by Injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cons. 

The method of daim 13, further comprising: 
radially expanding the expansion cone. 

The method of daim 1 3, further txMnprising: 

lowering the expanston cone into the radially e>q)anded portion of the shoe; and 
radially expanding the expansion cone. 



30 1 6. The method of daim 1 5, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion oone. 

35 17. The method of daim 13, further comjsrising: 
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injecting a hardenable fiuidic sealing material Into an annulus t)etween the 
tubular liner and the borehole. 

16. The method of daim 13, further oon^rising: 
5 radially expandirig at least a portion of the preexisting weiil)OfB casing. 

1 9. The method of dalm 1 8, further comprising: 

overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. 

10 

20. The method of daim 1 9, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonovertapplng portion of the preexisting wellbore casing. 

15 21 . The method of daim 1 8. further comprising: 
applyvig an ebdal force to the expansion cone. 

22. The method erf daim 1 3, wherein the inside diameter of the radially expanded 
shoe greater than or substantlaily equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An apparatus for fomriing a wellbore casing in a subterranean fbrnution having a 
preexisting wellbore casing positioned In a borehole, comprising: 

means for Installing a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by injecting a fiuidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by Injecting a 
fiuidic material into the borehole below the expansion cone. 

30 . 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 

25. The apparatus of daim 23, further comprising: 

35 means for lowering the expansion cone into the radially expanded portion of the 

shoe; and 
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means for radially expanding the expansion cone. 



5 



26. 



The apparatus of daim 25. further comprising: 
means for injecting a fluidic material into the borehole Iselow the radially 
expanded expansion cone. 



27. 



The apparatus of daim 23, further comprising: 
means for injecting a hardenable fluidic sealing material into an annuius 
tieiween the tubular liner and the borehole. 



10 



28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a portion of the preexisting welibore 



15 29. The apparatus of daim 28. further comi^sing: 

means for oveHapping a portion of the radially expanded tubular liner with a 
portion of the preexisting welibore casing. 

30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of ■ 

the preexisting welibore casing. 

31 . The apparatus of daim 28, further comprising: 



32. The apparatus of daim 23, wherein the Inside diameter of the radially expanded 
shoe Is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

30 33. An apparatus 1w forming a welibore casing within a subterranean formation 
induding a preexisting welibore casing positioned |n a borehole, comprising: 
a tubular linen and 

means for radially expanding and coupling the tubular liner to an overlapping, 
portion of the preexisting welibore casing; 



casing. 



means for applying an axial force to the expansion cone. 



25 
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wherein the inside diameter of the radially e)q9and^ tubular liner is 

substantially equal to the inside diameter of a nonK)verlapping portion of 
the preexisting wellbore casing. 

5 34. A weiltxxe casing positioned in a borehole within a subtenranean fomiation. 



a first wellbore casing; and 

a second wellbore casing coupled to arid overlapping with the first wellbore 
casing; 

wherein the second wellb(m casing is coupled to the first weHbore casing by 
the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radally exparvling at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radially expanding at least a portion of the second welibore casing by 

injecting a fluidic material into the borehole below the expansion 

cone. 



20 35. The wellbore casing of daim 34. wherein the process further cnnprises: 
radially expanding the expansion cone. 

36. The wellbore casing of dalm 34. wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The weabore casing of daim 36, wherein the process furttier comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by Irijecting a fluidic material into the borehole below the radially 
30 expanded expansion cone. 

38. The WBliboTB casing of dalm 34. wherein the process further comprises: 
injecting a hardenable fluidic sealing material into an annulus between the 

second wellbore casing and the fctorehole. 

35 

39. The wellbore casing of dalm 34. wherein the process further comprises: 
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radially expanding at least a portion of the first wellbore casing. 



40. The wellbore casing of dalm 39. wherein the process further comprises: 

overlapping a portion of the radially expanded second wellbore casing with a 
5 portion of the first wellbore casing. 

41 . The wellbore casing of daim 40, wherein the inside diameter of the radially 
expanded second wellbore casing is substantially equal to the biside diameter of a 
nonoveriapping portion of .the first wellbore casing. 

10 

42. The wellbore casing of daim 3g. wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of daim 34, wherein the Inside diameter of the radially 
1 5 expanded shoe is greater than or substantially equal to the inside diameter of the 

radially expanded second wellbore casing. 



44. A method of fonnir^ a tubular structure In a subtenanean formation having a 
preexisting tubular member positioned in a borehole, oomprisirg: 

20 irwtailing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by Injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by Injecting a fluidic 
material into the borehole below the expansion cone. 

25 

45. The method of daim 44. further contprising: 
radially expanding the expansion cone. 



46. The method of daim 44, further oomprisirg: 

30 lowering the expansion pone into the radially expanded portion of the shoe; and 

radially expanding the expansion cone. 

47. The nrwthod of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular Uner by injecting 
35 a fluidic material into the borehole below the redially expanded 

expansion cone. 
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48. The method cf Claim 44, further comprising: 

injecting a hardenabie fluidic seaiing materiai into an annulus tietween the 
tubular iiner and the IxMfehoie. 

5 

49. The method of dalm 44. further comprising: 

radlaily expanding at least a portion of the preexisting tubular member. 

50. The method of daim 49, further comprising: 

1 0 overiapping a portion of the radially expanded tubular liner with a portion of the 

preexisting tubular member to provide a load bearing interfece and a 
fluidic seal. 

51. The method of daim 50. wherein the inside diameter of the radially expanded 

1 5 tubular liner is substantially equal to the inside diameter of a nonoveriapplng portion of 
the preexisting tubular member. 

52. The method of dalm 49. further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44. wherein the In^e diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for fonming a tubular stnicture in a subterranean fbrnrtation having a 
preexisting tubular n%mt)er positioned in a borehde, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe In the 
borehole; 

n^ns for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 
means for radially expanding the expansion cone. 

35 56. The apparatus (rf daim 54, further oomprtsing: 



CupieU r i u iii 10408719 u ii Q5/26/2QQ6 



37 

means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of daim 56, further comprising: 

means for Meeting a fluMic material into the borehole below the radially 
expanded expansion cone. ■ 

58. The apparatus of daim 54, further comprising: 

10 nrwans for Injecting a hardenable fluidic sealing material Into an annulus 

between the tubular Hner and the borehole. 

59. The apparatus of daim 54, further comprising: 

means for radially expanding at least a portion of the preexisting tubular 
15 member. 

60. The apparatus of daim 59. further comprising: 

means for overiapping a portion of the radiaily expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
20 interface and a fluidic seel. 

61 . The apparatus of daim 60, wherein the Inside diameter of the radiaily expanded 
tubular liner is substantially equal to the Inside diameter of a nonoverlapping portion of 
the preexisting tubular menri)er. 

25 

62. The apparatus of daim 59. further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the Inside dianneter of the radially expanded 
30 shoe Is greater than or substantially equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus for fonning a tubular structure within a subterranean fonnation 
induding a preexisting tubular member positioned In a borehole, comprising: 

35 a tubular linen and 
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means for radially expanding and coupling the tubular liner to an overiapping 

portion of the preexisting tubular member; 
wherein the inside diameter of the radialty expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 
5 the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean formation, 
comprising: 

a first tubular member; aid 
10 a second tubular rmtvltm coupled to and overiapping with ttie first tubular 

member, 

wherein ttie second titular member is OQupled to ttw first tubular member by 
the process of: 

Installing flie second tubular member, an expansion cone, and a shoe in 
15 the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into ttie borehole below ttie expansion 



68. The tubular structure of daim 65, wherein ttie process furtiier comprises: 
radially expanding ttie expansion cone. 

25 67. The tubular stnicture of dalm 65. wherein ttie process furttier comprises: 

lowering ttie expansion cone into ttie radially expanded portion of ttie shoe; and 
radlaOy expanding ttie expansion cone. 

68. The tubular structure of daim 67, wherein ttie process furttier comprises: 

30 radially expanding at least a portion of ttie shoe and ttie second tubular member 

by injecting a fluidic material into ttie borehole below ttie radially 
expanded expansion cone. 

69. The tubular sttucture of daim 65, wherein ttie process furttier comprises: 
35 injecting a hardenabie fluidic sealing ntaterial into an annulus between ttie 

second tubular member and ttie borehole. 
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70. The tubular structure of daim 65. wherein the prooess further comprises: 
radially expanding at least a portion of the first tubular nieniber. 



5 71. The tubular structure of claim 70/whereln the process further corriprises: 

overiapping a portion of the radially expanded second tubular niember with a 
portion of the first tubular member. 

72. The tLftHilar structure of daim 71, wherein the Inside dianieter of the radially 
10 ex|»nded second tubularmember is substantialiy equal to the Ireide diameter of a 

nonoverlapping portion of the first tubular member. 

73. The tubular structure of daim 70, wherein the process further comprises: 

applying an axial force to the expansion cone. 

15 

74. The tubular structure of daim 65. wherein the Inside diameter of the radially 
expanded shoe is greater than or substantialiy equal to the inside diameter of the 
radially expanded second tubular member. 

75. An apparatus for forming a weilbore pasing in a borehole located in a 
subterranean formation induding a preexisting weilbore casing, comprising: 

a support member induding a first fluid passage; 
an expandable expansion cone coupled to the support nnember induding a 

second fluid passage fluidldy coupled to the firet fluid passage;' 
an expandable tubular Hner movatriy coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner comprising: 

a valveable fluid passage for controlling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion including one or more Inward folds; and 
a remaining portion coupled to the expandable portion; . 
wherein the outer drcumference of the expandable portion is greater 
than the outer drcumference d the remaining portion. 

76. A shoe, comprising: 

35 an upper annular portion; 
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an intermediate annular portion coupled to ttie upper annular portion induding 

one or more inward folds; and 
a lower annular portion coupled to the intermediate portion Including a 

valveable fluid passage for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intennediate annular portion has an outer drcunfiference that is 

larger than the outer drcumferences of the upper and lower annular 

portions. 

10 77. A method of forming a welitwre casing In a subterranean fbmnation having a 
preexisting welil)ore casing posittoned in a t)orehole. comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

1 5 lowering the expansion cone into the radially expanded portion of the shoe; 

rsKlially exparKling the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole beiow the expansion cone; and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting welbors casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the Inside diameter of the radially expanded 
tubular liner, and 

wherein the inside diameter of the ra(Saliy expanded tubular liner is 
25 substantially equal to or greater than the inside diameter of a nonoveriapping 

portion of the preexisting weiibors casing. 

76. An apparatus for forming a welibore casing in a subterranean formation having a 
preexisting welibore casing positioned in a borehole, comprising: 
30 , means for installing a tubular Dner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material Into the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
35 shoe; 

means for radially expanding the expansion oohe; 
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means for radiall/ expanding at least a portion of the tubular liner by injecting a 
fluidic nnaterlal into the borehole below the radially expanded expansion 
oone; 

means for radially expanding at least a portion of the preexisting weUbore 
5 casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

pwtton of the preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 
10 tubular liner, and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

15 79. A wellbore casing positlbned In a borehole within a subterranean fbnnation, 
oomfxislng; 

a first wellbore casing; and 

a second wellbore casing coupled to and overiapping with the first wellbore 
casing; 

20 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process o^ 

installing the second wellbore casing, an expandon cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
25 material Into the shoe; 

lowering the expansion cone Into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing t>y 
30 Injecting a fluidic material into the borehote below the radially 

expanded expansion cone; and 

overlapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbore casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second wellbore casing; and 

wherein the Inside diameter of the radially expanded second wellbore 
5 casing is substantially equal to the Inside diameter of a 

nonovertapping portion of the first wellbore casing. 



80. A method of forming a tubular structure in a subterranean fbnnatlon having a 
preexisting tubular member, positioned In a borehole, comprising: 

1 0 Installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fluldic material 
Into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radialiy expanding the expansion cone; 
1 5 radially expanding at least a portion of the tubular liner by Injecting a fluidic 

material into the borehole below the radially expanded e)q)anslon cone; 
and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
praeidsting tubular member to provide a load bearing Interface and a 
20 fluldic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radiaBy expanded 
tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to the inside diameter cX a nonovertapping portion of 

the preexisting tubiiiar member. 

81 . An apparatus for forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehote. comprising: 

30 means for installing a tubular liner, an expansion cone, and a shoe in the 

tx}rehote; 

means for radially expanding at least a portion of the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
shoe; 

35 means for radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular liner; and 
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means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular member b provide a load bearing 

interfeoe and a fiukJic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 
5 substahtlaiiyeqiei to the inside diameter of the radially exparided 

tubular liner, and 
wherein the Inside diameter of the radially expanded tubular Gner is 

substantially equal to the Inside diameter of a nonovertapping portton of 

the preexisting tubdar member. 

10 

82. A tubular stnicture positioned In a borehole within a subterranean fonmation, 
comprising: 

a first tubular member, and 

a second tubular member coupled to and overlapping with the first tubular 
15 member, 

wherein the second tubular nnember is coupled to the first tubular member by 
ttie process of : 

installing the second tubular member, an expansion cone, and a shoe In 
the borehole; 

20 radially expanding at least a portion of the shoe by injecting a fluidic 

material Into the shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of the second tubular member by 

injecting a fluidic material Into the borehole below the radially 
expanded expansion cone; and 
overtapptng a portion of the radially expanded second tubular member 
with a portion of the first tubular member; 
30 wherein the Inside diameter of the radially expanded shoe is greater 

than or substantially equal to the inside diameter of the radially 
expanded second tubular member, and 
wherein the inside diameter of the radially expanded second tubular 
member is substantially equal to the Inside diameter of a 
35 nonoverlapping portion of the first tubular member. 
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